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Brief Technique Reportspreventing the potentially dismal drawbacks of mechani-
cal assistance.
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7:801-4.Papillary muscle–to–anterior annulus stitches: Another
technique to prevent systolic anterior motion after mitral
valve repairSamer Kassem, MD,a and Hicham Jamil, MD,b Milan, Italy, and Damascus, SyriaMitral valve reconstruction is the procedure of choice for
mitral regurgitation, with excellent early and late results.1
Systolic anteriormotion (SAM)may occur aftermitral valve
reconstruction as a result of various anatomic factors, such
as degenerative mitral insufficiency with excessive leaflet
tissue, nondilated left ventricular cavity, narrow mitroaortic
angle, and anterior displacedmitral coaptation line.2,3 SAM,
and consequent left ventricular outflow tract obstruction,
occurs in more than 16% of patients after mitral valve
repair.2,3 In this report, we describe a new method to
prevent the occurrence of SAM after mitroplasty. Two
artificial chords are subsequently implanted in the
posterior and anterior papillary muscles, then anchored to
the midanterior mitral annulus to keep the anterior leaflet
away from the septum during late diastole, to prevent its
displacement into the left ventricle outflow tract during
systole.SURGICAL TECHNIQUE
The inspection of the mitral valve is carried out as usual.
The leaflets are accurately analyzed, and the papillary
muscles are inspected to identify the posterior head of
each papillary muscle. A double-armed 4-0 polytetrafluoro-
ethylene (Gore-Tex; W. L. Gore & Associates, Flagstaff,
Ariz) suture supported by a felt pledget is passed twice
through the tip of the posterior head of the posterior pap-
illary muscle with a forehand technique and is fixed with
a loose knots to avoid necrosis (Figure 1, A). The ventric-
ular surface of the anterior leaflet is inspected with two
nerve hooks to explore the attachment of 1 secondary
chord, which arises from the posterior papillary muscle
(preferably the most distant from the leaflet’s board, and
toward the mitral anteroposterior axis) (Figure 1, A). The
height of the selected chord is used as a guide for deter-
mining the length of the first part of the new chord. A
metal clip is placed across the 2 arms of the new chord
at the level of the anchor of the stretched native chord se-
lected (Figure 1, A). The trace of the attachment of the se-
lected chord on the atrial surface of the anterior leaflet is
determined by insertion of a thin insulin needle as a marker
beside the attachment’s site. Thereafter, the anterior leaflet
is once again pulled down into the ventricular cavity, leav-
ing the insulin needle in place (Figure 1, B). On the atrial
surface of the anterior leaflet, the distance between the
marker (the insulin needle) and the anterior annulus deter-
mines the length of the second part of the new chord,
which will be anchored to the anterior annulus with no ex-
cessive tension during the presystolic phase. Multiplegery c November 2011
FIGURE 1. A, A double-armed 4-0 polytetrafluoroethylene (Gore-Tex; W. L. Gore & Associates, Flagstaff, Ariz) suture is passed twice through the
tip of the posterior head of the posterior papillary muscle with a forehand technique. The new chord thus arises from the papillary side that faces
the posterior ventricular wall. The surgeon’s assistant uses a nerve hook to stretch the second chord selected. The length of the selected chord is
used as a guide to determine the first part of the new chord. A metal clip is engaged across the 2 arms at the level of the attachment of the stretched
native chord. B, Cross-profile illustration shows a thin insulin needle inserted from the ventricular to the atrial side through the anterior leaflet in the
site of native chordal attachment. The distance from the marker to the anterior annulus determines the length of the second part of the new chord.
Multiple knots have been tied against the metal clip. The whole length of the knots should correspond to the distance between the marker and
midanterior mitral annulus, which is equal to the distance between the chordal attachment and the anterior annulus. C, The 2 arms of the suture
are then passed through at about the midanterior mitral leaflet from the ventricular to the atrial surface side by means of a backhand technique,
taking care not to injure the aortic valve. The surgeon thus cannot see the point of entry. D, Cross-profile Illustration represents the anterior
ring in its definitive position. The marker has been removed. The needles of the atrial side of the Gore-Tex sutures are passed through the anterior
prosthetic sheath.
Brief Technique Reportsknots are then tied against the metal clip until the whole
length of the knots corresponds to the distance between
the marker and midanterior mitral annulus (Figure 1, B).
Subsequently, the clip is removed. Thereafter the anteriorThe Journal of Thoracic and Carleaflet is pulled up to maximum with a nerve hook, and
the insulin needle is gently removed from the anterior leaf-
let. The 2 arms of the suture are then passed through ap-
proximately the middle of the anterior mitral leaflet fromdiovascular Surgery c Volume 142, Number 5 1279
FIGURE 2. A, Cross-profile illustration shows the second papillary
muscle–to–anterior annulus stitch, which arises from the posterior head
of the anterior papillary muscle. The 2 new chords are tightly tied onto
the prosthetic sheath. B, Illustration of the final position of the 2 papillary
muscle–to–anterior annulus stitches as theywould be seen by the surgeon if
the anterior leaflet were transparent.
Brief Technique Reportsthe ventricular to the atrial surface side by means of a back-
hand technique (Figure 1, C), and the suture is left untied.
The procedure is repeated step by step to implant the sec-
ond papillary muscle–anterior annulus chord, which arises
from the posterior head of the anterior papillary muscle
and is anchored to about the middle of the anterior mitral
annulus. Subsequently, the surgeon continues the mitral1280 The Journal of Thoracic and Cardiovascular Surrepair, choosing the appropriate strategies for the lesions
of the valve identified during the valve analysis. In our 4
selected cases, the posterior leaflet repair was performed
with a traditional triangular resection (Figure 1, A). Fi-
nally, an annuloplasty Physio ring (Physio-Control, Inc,
Redmond, Wash) is sized and added to complete the repair,
maintaining free the untied Gore-Tex sutures outside the
ring. When the ring is in its final position, the Gore-Tex su-
tures are passed through the anterior prosthetic sheath
(Figure 1, C) and tightly knotted (Figure 2, A). After fluid
testing to confirm the valve’s competence (Figure 2, B), the
atrium is once again closed.CLINICAL EXPERIENCE
Wehave applied the papillarymuscle–to–anterior annulus
technique in the cases of 4 selected patients with severe de-
generative mitral regurgitation as a result of P2 prolapse
with redundant anterior leaflet and other factors predisposing
them toward development of SAM. Intraoperative transeso-
phageal echocardiography and early follow-up transthoracic
echocardiography show the absence of SAMandno evidence
of mitral valve stenosis (Figure 3, C and D). None of the pa-
tients demonstrated atrial fibrillation, and oral anticoagulants
with a target international normalized ratio of 2.5were there-
fore used for just 3 months after mitral valve repair,
in accordance with the European Society of Cardiology
guidelines.DISCUSSION
SAM may occur after mitral valve repair in 14% of
patients with redundant and myxomatous anterior leaflet
and nearly normal left ventricle size.4 The displacement
of papillary muscles frontward or toward each other may
increase chordal slack and laxity of the anterior leaflet
(Figure 3, A). The myxomatous distal edge of the anterior
leaflet suffers from laxity and chordal slack, even if there
is no mitral insufficiency from elongated chordae tendineae
(Figure 3, B). In addition, the lax tip of the anterior leaflet
may move paradoxically under the influence of several
forces. We therefore believe that to prevent SAM the sur-
gery should aim not only at reducing the height of the pos-
terior leaflet but also at disciplining the movement of the
anterior leaflet. The anterior mitral leaflet forms most of
the posterior wall of the left ventricular outflow tract. The
aim of this technique is to create a barrier at the same level
of the posterior wall of the left ventricular outflow tract to
support the tip of the anterior leaflet and to prevent its drop-
ping into the outflow tract during the early systolic phase
(Figure 3, D), preserving its physiologic motion without
compromising the flow across the valve or increasing thegery c November 2011
FIGURE 3. Transesophageal longitudinal echocardiographic views show edge of anterior leaflet (a), papillary muscle (b), anterior mitral annulus
(c), posterior mitral annulus (d), and ventricular septum (e). A, Before mitral valve repair during systole. Anterior leaflet is long and redundant,
with anterior displacement of the papillary muscle. B, Before mitral valve repair during diastole. C, After mitral valve repair during systole.
The annuloplasty ring seems to be downsized, which might be a factor in development of systolic anterior motion. D, After mitral valve repair
during diastole. Papillary muscle–to–anterior annulus stitches avoid the dropping of the tip of the anterior leaflet into the left ventricular outflow
tract.
Brief Technique Reportsstress on the leaflets or the chordae tendineae. As a nonre-
section strategy, the use of this technique can avoid future
effects of consolidation and cicatrization on the anterior
leaflet that follow the required excisions in resection
strategies.
We propose the papillary muscle-to–anterior annulus
technique described here as an adjunct to mitral valve re-
pairs to decrease the risk of postoperative SAM in patients
with factors predisposing them toward this phenomenon.
Nevertheless, more cases will be required to demonstrate
the effectiveness of this technique.The Journal of Thoracic and CarReferences
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